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Changing patterns of health care delivery and the rapid evolution of orthopaedic surgical techniques have made it
increasingly difficult for trainees to develop expertise in their craft. Working hour restrictions and a drive towards
senior led care demands that proficiency be gained in a shorter period of time whilst requiring a greater skill set
than that in the past. The resulting conflict between service provision and training has necessitated the
development of alternative methods in order to compensate for the reduction in ‘hands-on’ experience. Simulation
training provides the opportunity to develop surgical skills in a controlled environment whilst minimising risks to
patient safety, operating theatre usage and financial expenditure. Many options for simulation exist within
orthopaedics from cadaveric or prosthetic models, to arthroscopic simulators, to advanced virtual reality and
three-dimensional software tools. There are limitations to this form of training, but it has significant potential for
trainees to achieve competence in procedures prior to real-life practice. The evidence for its direct transferability to
operating theatre performance is limited but there are clear benefits such as increasing trainee confidence and
familiarity with equipment. With progressively improving methods of simulation available, it is likely to become
more important in the ongoing and future training and assessment of orthopaedic surgeons.
Keywords: Simulation, Training, Orthopaedics, Trauma, Medical education, Surgical education, Clinical competence,
Computer simulation, ArthroscopyIntroduction
Surgical training has evolved considerably from the histor-
ical apprenticeship of the early surgeons to a complex
structured training programme with multiple assessments.
As trainee numbers increase, opportunities to develop
procedural and technical skills become increasingly lim-
ited. Furthermore, introduction of the European Working
Time Directive (EWTD) across Europe [1] and the 80 h
per week limit introduced by the Accreditation Council
for Graduate Medical Education (ACGME) in the United
States of America [2] have led to a reduction in training
hours available during the designated training period. As a
result, there has been a continued reduction in opportun-
ities for ‘hands-on’ experience for trainees across all surgi-
cal specialties. Senior delivered care and a move to limit
‘out of hours’ operating have further reduced the op-
portunity for independent surgical experience for trai-
nees, whilst procedures traditionally performed by junior* Correspondence: nferran@uku.co.uk
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unless otherwise stated.doctors are now often the remit of their senior col-
leagues. Orthopaedic surgery is no exception. These
constraints have forced an adjustment to a more focused,
competency-based assessment of proficiency, compared
with a previous assumption of this through experience.
In the same period, there has been a significant devel-
opment of novel techniques requiring current trainees to
master a greater array of specialist skills, despite having
less time in which to do so. Innovation has meant that
there are more occasions where surgical intervention
may be indicated. This, coupled with an ageing popula-
tion more expectant of treatment, has resulted in greater
demand for surgery than ever before leading to a conflict
between service provision and training.
Reform is required to ensure that current surgical
trainees are competent and efficient enough to act au-
tonomously on completion of training and have devel-
oped the necessary expertise to subsequently deliver
instruction themselves. Many different solutions includ-
ing e-Learning, simulation and compulsory fellowship
training programmes have been proposed to maximiseThis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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straints. One such solution, simulation, allows trainees
to practice skills in a safe controlled environment and
has been shown to improve confidence whilst minimis-
ing patient risk [3]. The definition of simulation in medi-
cine can be broadly defined as “any technology or
process that recreates a contextual background in a way
that allows a learner to experience mistakes and receive
feedback in a safe environment” [4]. This definition is
constantly evolving due to improvements in technology
which allow increasingly complex situations to be mod-
elled and tested. Simulation aims to recreate the experi-
ence of patient care without compromising patient safety.
The ability to modify a situation allows trainees to experi-
ence novel but often important situations that may not be
commonly experienced in clinical practice. The benefits of
simulation are well recognised in many other specialties
including general surgery [5], emergency medicine [6] and
anaesthetics [7], and it has been advocated by many of the
governing medical bodies and Royal Colleges in the
United Kingdom [8-10]. The advantages of simulation ex-
tend beyond simple technical and procedural skills. Simu-
lation allows trainees to engage with a multi-disciplinary
team and focus on individual and team-based cognitive
skills including problem solving, decision-making, and
team behaviour skills.
Within surgery, simulation is not a new concept, as ca-
daver models were historically used as part of surgical train-
ing. However, in recent decades, significant progress has
been made in developing new and varied simulation-based
techniques to provide training in a safe and modifiable en-
vironment [11-13]. We review the different methods avail-
able within orthopaedic surgery and the available evidence
supporting their use. A summary of simulation models cur-
rently available within orthopaedic surgery and their re-
spective advantages and disadvantages can be seen in
Table 1.
Simulation in orthopaedic surgery
Orthopaedic surgery lends itself to simulation training bet-
ter than many other medical or surgical specialties due to
consistency in skeletal anatomy and has been employed in
various forms for decades. The Arbeitsgemeinschaft für
Osteosynthesefragen (AO) foundation has been delivering
training in basic fracture management using synthetic
bones for more than 50 years in over 100 countries and
has since developed many more complex instructional
courses [14]. The advent of minimally invasive arthro-
scopic surgery has demanded a further subset of skills,
which again can be well practised in a simulated environ-
ment. Advances in computer-simulated technology allows
for increasingly realistic recreation of clinical scenarios
without risks to patient safety. Simulation is likely to
become an increasingly utilised method of gainingexperience, with new trainees being exposed to it from as
early as medical school. The current curriculum for special-
ist training in orthopaedics in the United Kingdom reflects
this, identifying three different pathways for simulation in
recognition of its possible benefits [15].
The growing role of simulation within surgical training
has demanded that tools be developed to allow objective
evaluation of the technical skills learnt in order to valid-
ate its use. A number of assessment tools for surgical
simulation have been developed including the Objective
Structured Assessment of Technical Skills (OSATS) and
Global Rating Scale of Performance (GRS). These sys-
tems both rely on the same principle of scoring against
preset criteria by trained assessors. Specifically, the
OSATS checklist consists of a set of manoeuvres
deemed to be essential elements of a procedure, whilst
the GRS focuses on specific surgical behaviours [16].
These have been shown to reduce the biases associated
with direct observation by experts alone [17,18]. Novel
simulation tools including the use of computers, virtual
reality and cognitive task simulation offer the potential
for advanced data assessment based on user input. The
use of alternative assessment techniques including mo-
tion tracking and video assessment has been shown to
reliably and objectively correlate to surgical performance
although there is limited data to support this on a wider
scale [19,20]. Howells et al. divided 35 subjects into a sur-
geons group (n = 20) and a non-surgeons group (n = 15).
The surgeons group was further subdivided based on the
amount of previous arthroscopic experience. Each partici-
pant performed two separate simulated arthroscopic tasks
whilst being assessed with motion analysis equipment.
The time taken, total path length and number of move-
ments were recorded with a significant difference in per-
formance identified between surgeons and non-surgeons
(P < .0001) and between senior and junior surgeons
(P < .05). Tashiro et al. tested 12 surgical trainees, 12
orthopaedic residents and 6 experienced arthroscopic sur-
geons on a synthetic bone knee simulator. Subjects per-
formed a joint inspection and probing task and a partial
meniscectomy task whilst measuring the trajectory data
and force data. The experienced group performed both
tasks with higher scores and more quickly than the less
experienced groups.
Cadaveric simulation
Cadaveric practice has been employed in surgical train-
ing for centuries and remains a highly regarded method
of training due to the exposure to real anatomy and in-
deed anatomical variation (Figure 1). Furthermore, it al-
lows the trainee to appreciate planes of dissection and
practice soft tissue handling. In recognition of this, The
Royal College of Surgeons of England has established
The Wolfson Centre, one of the world’s most advanced
Table 1 A summary of the main simulation modalities available to orthopaedic surgery trainees
Simulation model Advantages Disadvantages
Cadaveric simulation Expensive
High fidelity Not easily accessible with specialist storage demands
Time-consuming preparation time
Shown to develop transferable operative skills Relies on tissue donation
Risk of disease transmission
Allows understanding of relevant clinical
anatomy and surgical approaches
Lack of uniformity amongst specimens
Synthetic bone simulation Relatively inexpensive, portable and widely available
Widely available Does not allow understanding of influence of soft tissues
Develop understanding and familiarity with
orthopaedic instruments and equipment
Lack of true haptic feedback
Arthroscopic simulation Able to record progress and assess motion analysis
Allows for development of hand-eye co-ordination
and triangulation
High initial setup costs
Wide range of procedures may be possible Limited realism
Modern simulators can provide haptic feedback
Virtual reality simulation Able to record progress and assess motion analysis
Wide range of procedures may be possible High initial setup costs
Allows for scenario simulation
Cognitive simulation Potentially cost free Limited evidence to support use in clinical
training/improvement in technical procedural skills
Accessible on mobile devices
Point of care education
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paedic courses are held.
Evidence suggests that cadaveric training is of benefit
in reducing error prior to real-life operation. A study on
the placement of cadaveric thoracic spine pedicle screws
demonstrated a reduced technical error rate with in-
creased practice of the procedure and experience of the
surgeon [21]. Surgical error rate of pedicle screw place-
ment was assessed as novice surgeons placed pedicle
screws on five consecutive cadaveric spines. Initially, sur-
gical error rate was high; however, there was a significant
decrease in the proportion of total surgical errors by the
third cadaver and a significant decrease in critical surgi-
cal errors by the fourth cadaver. However, although
strict objective measures were taken, the study size was
small (three candidates) and there was no control group.
Anastakis et al. [22] demonstrated improved performance
of six surgical procedures, including flexor tendon repair
and K-wire fixation of a metacarpal fracture, assessed on
cadaver models when cadaver or bench model training
had been given compared with text learning. However,
there was no significant difference in competence between
groups trained on cadaver and bench models. Nonethe-
less, they concluded a strong possible transfer to perform-
ance in theatre.There are however multiple drawbacks to cadaveric
training. Preparation and storage of specimens confers a
significant time and financial cost. It relies upon dona-
tions, which are limited, and it is therefore vital that
specimens are used for training in a way that will pro-
vide the greatest benefit. Perhaps of greatest significance
is the lack of direct evidence relating simulated cadaveric
techniques with in vivo operating performance.
Synthetic bone simulation
Practice of orthopaedic surgical techniques using syn-
thetic bone substitutes has acted as a mainstay of train-
ing throughout the second half of the 20th century and
beyond (Figure 2). Consistency of skeletal anatomy al-
lows for easy production of replica bones in large num-
bers for minimal cost, on which basic fracture fixation
skills may be practiced without risk to patients. Further-
more, there are minimal associated storage costs, and
ethical approval is not required for their use. However,
despite modifiable characteristics, these replicas lack the
unique internal architecture and viscoelastic properties of
a real bone [23]. Training using this method may therefore
allow development of ability in a particular technique but
lack the ‘true feel’ of a real bone. Frequently, this type of
simulation is limited to the practice of bone handling and
Figure 1 Cadaveric upper limb workshop.
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anatomy, and therefore lacks realism.
As discussed, there is evidence that there is no differ-
ence between cadaveric and bench model training prior
to assessment of fixation of metacarpal fracture on a ca-
daver [22]. However, this compared only Kirschner-wire
(K-wire) fixation and therefore might not have allowed
discrimination between real and synthetic bone in the
same way that a more complex technique would. As an
example, Leong et al. [24] compared three different
models of fracture fixation as an assessment of technical
skill in varying grades of surgeon. The first assessment
involved application of a dynamic compression plate to a
cadaver porcine model, whilst the others assessed inser-
tion of an unreamed tibial intramedullary nail and appli-
cation of a forearm external fixator to synthetic bone.Figure 2 Synthetic bone fracture fixation workshop.Measured using the OSATS checklist and a GRS, the re-
sults demonstrated a significant difference in the perform-
ance on the application of the dynamic compression plate
between the grades of surgeon, but no significant disparity
in results on the synthetic bone models. This suggests that
although synthetic bone models may benefit junior
trainees in developing experience of the techniques and
instruments used, they may lack the fidelity to be of
value to more senior surgeons. A recent small study by
Yanping et al. found that the use of haptic feedback
combined with a synthetic bone simulator significantly
improved a trainee’s bone sawing skill in the field of
maxillofacial surgery [25].
Arthroscopic simulation
Arthroscopy is one of the most commonly performed
orthopaedic procedures, with an ever-increasing number
of indications and therapeutic options available. Benefits
of arthroscopic procedures are well known and include
shorter recovery time, reduced risk of infection and op-
tion to perform in an outpatient setting. It has become a
key component of practice and a core skill of ortho-
paedic training [11,12,15,26]. However, development of
arthroscopic skills takes considerable time and is asso-
ciated with a significant financial burden when this
training takes place in the operating theatre [27]. Fur-
thermore, there is an increased risk of iatrogenic injury
during early arthroscopic training using the traditional
apprenticeship model [28,29].
Arthroscopy is therefore well suited to simulation train-
ing. It presents unique technical challenges, namely, the
concurrent interpretation of proprioceptive and visual
stimuli from a three-dimensional structure presented as a
two-dimensional image and development of competence
in triangulation. These skills are best acquired through ac-
tual instrument handling and rely on realistic substitutes
for live patients [30]. Cadaveric models have traditionally
been used [31], but the drawbacks already discussed re-
main. More recently, simulation has been practised on
bench models and virtual reality (VR) systems, which al-
lows rehearsal of a surgical procedure in a virtual three-
dimensional environment. Similar concerns of the fidelity
of these models and their transferability to the operating
theatre exist as with simulation of open procedures. There
have been promising advances in technology, in particular
development of haptic simulation, where tactile feedback
is given to the operator by generation of intermittent arti-
ficial mechanical resistance, which have improved realism.
However, there are no studies to date demonstrating a
benefit of haptic simulators compared to non-haptic ones
[16]. There is nonetheless an undoubted advantage of vir-
tual reality systems, an inbuilt mechanism of recording
progress, through measurements such as motion analysis
and number of probe collisions [32].
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allow practice of arthroscopic procedures on bone and
plastic models using real arthroscopic stacks and equip-
ment. This develops familiarity with equipment and
allows various procedures to be attempted such as men-
iscectomy, tissue debridement and rotator cuff repair
without risk of patient morbidity or loss of theatre oper-
ating time. Experience of this type has been shown to
transfer well to the operating theatre. Howells et al. [33]
randomised 20 orthopaedic trainees to receive a fixed
protocol of arthroscopic simulator training on a bench-
top knee model or no additional training. Diagnostic
knee arthroscopy was then assessed in theatre following
traditional instruction and demonstration. Performance
of the intervention group was significantly better than
the untrained group as assessed by the intra-operative
technique section of the procedure-based assessment
for diagnostic arthroscopy from the Orthopaedic Com-
petence Assessment Project (OCAP) [34] score and a 5-
point GRS. There is evidence that repeated simulated
practice of an arthroscopic skill is beneficial. A further
study by Howells et al. [35] showed a statistically signifi-
cant improvement in the ability to perform arthroscopic
Bankart repair sutures on an Alex Shoulder Professor
benchtop simulator with repeated experience. Six con-
sultant orthopaedic surgeons specialising in lower limb
surgery viewed an instructional video demonstrating the
technique. Each then performed the procedure on four
occasions over a period of weeks. Grading was per-
formed by the supervising authors, using a fixed diam-
eter arthroscopic hook, to check for gapping between
the labrum and the glenoid and for knot strength. Fur-
ther assessment was provided using a validated [19]
three-dimensional electromagnetic motion tracking sys-
tem. There was a statistically significant improvement
in path length, number of hand movements and time
taken between initial and final attempts demonstrating
a clear learning curve. The study was repeated 6 months
later, after no further training, with similar results.
However, there was no significant difference between
results in the initial and repeat study suggesting that
there was minimal retention of the previously acquired
improved skill level. This strongly advocates the use of
simulation as a means of developing technical ability
before in vivo practice but also provides evidence that a
skill may be lost if not routinely used. Jackson et al. [36]
recorded similar outcomes of a clear improvement in
performing simulated arthroscopic meniscal repair on a
knee simulator over a 3-week period as assessed by time
taken, distance travelled and number of hand move-
ments. In contrast to Howells et al., there was no sig-
nificant loss of skill after a 6-month interval. Despite
the clear fidelity of this training method, there are draw-
backs. Assessment relies on supervision and feedbackfrom senior faculty as there is often no inbuilt mechan-
ism of recording progress as found in VR models [32].
Multiple studies have attempted to validate VR
arthroscopic simulators by demonstrating a correlation
between real-life arthroscopic experience and perform-
ance on a simulator [11,26,36-38]. Experienced surgeons
have achieved better results in performing VR-simulated
arthroscopic tasks as measured by one or a combination
of time to complete a procedure, computer-assessed mo-
tion analysis compared with a predetermined optimum
and number of probe collisions [29,30,39-41]. Gomoll
et al. performed a follow-up study of arthroscopic ability
of 10 orthopaedic trainees, assessed on the same simulator
3 years after initial testing, and showed a significant im-
provement in performance [42]. The inference from this,
that simulation can be beneficial to training given its abil-
ity to distinguish between surgeons of different grades, is
endorsed by questionnaire assessment of participants.
Tuijthof et al. [30] measured face validity, educational
value and user-friendliness of two simulators through a
10-point numerical rating scale following completion of
a simulated task. Validity was found to be sufficient, but
not perfect for both simulators, confirming the need for
continued improvement of the models. However, all
participants, novice, intermediate and expert surgeons,
felt that there was definite educational benefit from the
systems used.
Evidence demonstrating improved arthroscopic ability
following simulated training also exists. Andersen et al.
[43] randomised 14 inexperienced surgeons into inter-
vention and control groups for testing on a VR arthro-
scopic trainer with the intervention group receiving 5 h
of pre-assessment training. A second control group of
experienced surgeons was also tested. The intervention
group demonstrated a significant reduction in time to
task completion, distance travelled by the camera and
depth of collision compared with the inexperienced con-
trol group. However, this does not provide any evidence
for performance in a real surgical setting. Martin et al.
[44] reported a correlation between task performance on
a simulator model with subsequent performance in a ca-
daver model. Task completion time on the simulator was
found to be a significant predictor of time completion
on the cadaver model. There is, to date, no evidence
demonstrating transferability of VR arthroscopic skill to
the operating theatre, and this presents the next step in
evidence for this training method.
Virtual reality simulation
The rapid advancements in computer technology and
imaging over recent decades have opened up a new
method for surgical simulation. Indeed, many systems
are sufficiently developed that they are frequently used
by practising surgeons for pre-operative planning.
Figure 3 Screenshot of “Touch Surgery” app module on
posterior approach to the hip.
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simulation software applications [45]. As with synthetic
models, the relative reproducibility of skeletal anatomy
makes this an effective tool. An additional benefit of these
tools is the feasibility of recreating various surgical scenar-
ios, for example different fracture patterns, without the
need for any new equipment. Thus, after an initial outlay,
it becomes a relatively cheap training option. Furthermore,
repeated attempts at a procedure can easily be made in a
safe environment with immediate feedback often possible
when built in to the simulator.
Software tools have been developed which allow a
complete surgical procedure to be practised in a virtual
environment. Blyth et al. [46] reviewed a personal com-
puter (PC)-based virtual reality training system allowing
simulation and assessment of hip fracture fixation. The
simulator presents different scenarios of increasing diffi-
culty of fracture fixation on a virtual hip model with
two-dimensional radiographic images used to guide frac-
ture reduction and implant placement. Ten participants
with differing levels of experience performed six scenar-
ios before completing a 26-part questionnaire to assess
the face validity of the simulator. The results demon-
strated that the simulator was both realistic and also
tested problem-solving ability. The fidelity of the simula-
tor was reinforced in its ability to differentiate between
surgeons with different levels of experience [47]. There
was a statistically significant difference in the accuracy
of procedure, number of X-rays needed and speed be-
tween novices (medical students) and trainee surgeons.
Advances in mobile computing technology have allowed
the development of mobile software applications or ‘apps’,
which allow trainees to simulate the various stages of an
operation or review relevant intra-operative information.
These apps utilise photo-realistic graphics and decision-
making software to provide an engaging virtual operative
experience. One such app is ‘Touch Surgery’, which allows
users to simulate over 30 common operations on a mobile
device, independent of time or geographic location [48]
(Figure 3). Whilst these mobile apps do not allow develop-
ment of physical surgical skills, they do allow trainees to
cognitively simulate the stages of each operation, thus
building an awareness of potential complications. Given
the recent development of these apps in the context of
mobile simulation, there is no evidence to support or op-
pose their use for surgical skills simulation.
Despite the improvements in technology and particu-
larly the introduction of haptics to simulation, uncer-
tainty remains about its fidelity compared with more
traditional methods (Figure 4). LeBlanc et al. [49] com-
pared simulated surgical fixation of the ulna by 22 ortho-
paedic residents using a synthetic bone simulator and a
VR haptics system. Participants were assessed on both
models by experienced examiners familiar with the taskand by time to completion. The results demonstrated con-
struct validity of the systems, with both simulators differ-
entiating between different grades of surgeon. However,
there was no significant correlation in the performance of
participants between the two simulators; therefore, con-
current validity was not achieved. This suggests that al-
though the VR system may help trainees to learn and
develop basic skills, it may not be as effective as a syn-
thetic bone model. Continued development in these sys-
tems is required, and improvements may yet build on the
initial promise shown.Cognitive simulation
Cognitive simulation is one of the newest examples of
innovation within surgical training. It is the process
whereby trainees assess and rehearse actions within their
mind without physical movement. It is hypothesised that
trainees may improve their intra-operative performance
and surgical skills through appropriate pre-operative cog-
nitive simulation, either with or without appropriate aide
memoires. These techniques have been used to great suc-
cess in other domains including elite sport [50]. Evidence
of transference to practical surgical ability to date remains
limited; however, it is an exciting prospective new tech-
nique, which may become integral to future training.
Figure 4 Virtual Reality arthroscopic simulator with haptic
feedback. (Insight Arthro VR, Simbionics USA).
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real and imagined experiences provided that the experi-
ence is imagined in a specific manner [51]. Evidence
suggests that similar neural pathways are stimulated
from imagined muscle movements as physical ones and
therefore may be as effective as physical practice [52].
The application of this technique in surgical training is
obvious. If proven to be effective, it would provide a
low-cost, easily accessible tool that can be applied to
multiple different procedures without the need for spe-
cialist equipment. The Association of Surgeons in Train-
ing (ASiT) in the United Kingdom has recognised thepotential and cognitive simulation courses have been de-
livered with positive feedback [53].
Currently, the literature offers little direct evidence of
whether cognitive simulation can improve theatre perform-
ance of current orthopaedic surgeons in training or indeed
consultants learning a new technique. Kohls-Gatzoulis
et al. [54] performed a prospective study of the ability to
correctly execute total knee arthroplasty assessed using
OSATS method, an error detection exam and a post-course
multiple choice question (MCQ) exam. Junior surgical resi-
dents were randomised into two groups, one focusing on
technical skills with more opportunity to practice the task.
The other aimed to develop cognitive skills, and physical
practice was more limited. There was equivalence in the
OSATS scores and post-course MCQ between the groups,
but the cognitive skills group achieved statistically signifi-
cant better scores on the error detection test suggesting
that this is a potentially useful technique to introduce into
training.
Although assessment of transferability of this tech-
nique will be difficult to accurately assess, it is the most
easily accessible training method discussed. Further-
more, it is a promising technique as it does not simply
take a procedure in isolation and is perhaps the only
method of simulation available that can recreate all the
different components involved in surgical practice to-
gether such as pre-operative planning, technical skill and
communication. Further investigation of its role is there-
fore warranted.
Conclusion
There is no doubt that simulation training has a signifi-
cant role to play in current and future orthopaedic train-
ing, and this is likely to increase further. There will be
continued advances in technology to improve realism
and increased availability of simulators, which may help
to compensate for the reduced real-time theatre experi-
ence of current surgeons in training.
The aviation industry has led the way in demonstrating
the advantages of simulation, and it forms a key compo-
nent of training and continuing assessment throughout a
pilot’s career. There is little doubt that similar benefits can
be gained in surgical practice with direct improvements to
patient safety. The medical literature certainly suggests a
significant benefit of simulation for improving trainee con-
fidence and understanding of techniques whilst also allow-
ing practice and development of specific technical skills.
However, there remains limited evidence for the value of
simulation in its transferability to proficiency in the oper-
ating theatre. A further possible drawback of this type of
training is its focus on the technical aspect of surgery in
isolation. Real surgical practice is an inherently demanding
task, and even the most validated training simulators will
not be able to recreate all the different components that
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simulators will remain one of the biggest challenges as
their use becomes more widespread, with continued de-
velopment needed as new procedures are developed. This
requires focus on the technical components of a model of
simulation but also a greater emphasis on the integration
of the other elements of a surgical procedure such as pre-
operative planning and consent, intra-operative communi-
cation and consideration of alternative management op-
tions if required. This will ensure that it becomes a truly
useful adjunct to training.
However, it is vital that both trainees and trainers do not
forget that technical ability forms only one component of
the skill set required to be an accomplished surgeon. In-
herently, leadership and communication skills are required
in surgical practice and in certain circumstances may be
of greater importance than technical aptitude. Training
methods must therefore address this and develop these
skills alongside procedural learning. Further research into
surgical simulation should focus on the impact of simula-
tion training on patient safety, the transfer of skills into
practical theatre settings and further validation of the
simulation tools for procedural competency. A recent edi-
torial in The Bone and Joint Journal News states that ‘a
good surgeon needs head, hand and heart’ [55]. Whilst
simulation may facilitate in the challenge of gaining suffi-
cient technical aptitude, it ‘fails to address the two other
essential facets, clinical experience and attitude’.
Abbreviations
EWTD: European Working Time Directive; ACGME: Accreditation Council for
Graduate Medical Education; AO: Arbeitsgemeinschaft für
Osteosynthesefragen; OSATS: Objective structured assessment of technical
skills; GRS: Global rating skill; K-wire: Kirschner wire; VR: Virtual reality;
OCAP: Orthopaedic Competence Assessment Project; PC: Personal computer;
ASiT: Association of Surgeons in Training; MCQ: Multiple choice question.
Competing interests
Dr. Thomas Lewis is an editor for iMedicalApps.com, website, dedicated towards
providing news on the integration of mobile technology into medical care and
the reviewing of medical apps for mobile devices. He does not consult nor
receive reimbursement from app developers or creators. Mr. Nicholas Ferran is
currently an Arthrex Shoulder Fellow. Mr. Euan Stirling has no competing interests.
Authors’ contributions
ES drafted and revised the article following literature search. TL performed initial
literature search and assisted with manuscript preparation. NF contributed to
the conception and design of the article and provided final approval of the
version for submission. All authors read and approved the final manuscript.
Author details
1Orthopaedic Department, Northampton General Hospital, Cliftonville,
Northampton NN1 5BD, UK. 2General Surgery, Kingston Hospital, Galsworthy
Road, Kingston-upon-Thames KT2 7QB, UK. 3Shoulder Fellow, Prince of Wales
Private Hospital, Randwick NSW 2031, Australia.
Received: 21 November 2014 Accepted: 21 November 2014
References
1. Association of Surgeons of Great Britain and Ireland: The Impact of EWTD on
Delivery of Surgical Services: A Consensus Statement; 2008.2. Philbert I, Friedmann P, Williams WT: SCGME Work Group on Resident
Duty Hours. Accreditation Council for Graduate Medical Education: new
requirements for resident duty hours. JAMA 2002, 288:1112–1114.
3. Aggarwal R, Mytton OT, Derbrew M, Hananel D, Heydenburg M, Issenberg
B, MacAulay C, Mancini ME, Morimoto T, Soper N, Ziv A, Reznick R: Training
and simulation for patient safety. Qual Saf Health Care 2010,
19(Suppl 2):i34–i43.
4. Gaba DM: The future vision of simulation in health care. Qual Saf Health
Care 2004, 13(Suppl 1):i2–i10.
5. Reznick RK, MacRae H: Teaching surgical skills—changes in the wind.
N Engl J Med 2006, 355(25):2664–2669.
6. Small SD, Wuerz RC, Simon R, Shapiro N, Conn A, Setnik G: Demonstration
of high-fidelity simulation team training for emergency medicine.
Acad Emerg Med 1999, 6(4):312–323.
7. Gaba DM, Howard SK, Fish KJ, Smith BE, Sowb YA: Simulation-based
training in anesthesia crisis resource management (ACRM): a decade of
experience. Simul Gaming 2001, 32(2):175–193.
8. Department of Health: 150 years of the annual report of the Chief
Medical Officer. 2008. [http://webarchive.nationalarchives.gov.uk/
20130107105354/http://www.dh.gov.uk/prod_consum_dh/groups/
dh_digitalassets/documents/digitalasset/dh_096231.pdf]
9. RCS opens world leading surgical training centre—The Royal College of
Surgeons of England [http://www.rcseng.ac.uk/news/rcs-opens-world-
leading-surgical-training-centre#.VGXoTkvVvwI]
10. The College of Emergency Medicine: Simulation training. [http://www.
collemergencymed.ac.uk/Training-Exams/Training/SimulationTraining]
11. Frank RM, Erickson B, Frank JM, Bush-Joseph CA, Bach BR, Cole BJ, Romero
AA, Provencher MT, Verma NN: Utility of modern arthroscopic simulator
training models. Arthroscopy 2014, 30(1):121–133.
12. Tay C, Khajuria A, Gupte C: Simulation training: a systematic review of
simulation in arthroscopy and proposal of a new competency-based
training framework. Int J Surg 2014, 12(6):626–633.
13. Dawe SR, Pena GN, Windsor JA, Broeders JAJL, Cregan PC, Hewett PJ, Maddern
GJ: Systematic review of skills transfer after surgical simulation-based
training. Br J Surg 2014, 101(9):1063–1076.
14. The AO Foundation [https://www.aofoundation.org/Structure/the-ao-
foundation/Pages/the-foundation.aspx]
15. Frostick S, Baird E, Bale S, Banks T, Bhowal B, Kellett C, Cole A, Goodwin M,
Hopgood P, Pitts D, Turner P, Reed M, Sher L, Tudor F, Hadfield-law L, Wallace
WA: Specialist Training in Trauma and Orthopaedics Curriculum; 2013.
16. Atesok K, Mabrey JD, Jazrawi LM, Egol KA: Surgical simulation in
orthopaedic skills training. J Am Acad Orthop Surg 2012, 20(7):410–422.
17. Doyle JD, Webber EM, Sidhu RS: A universal global rating scale for the
evaluation of technical skills in the operating room. Am J Surg 2007,
193(5):551–555. discussion 555.
18. Reznick R, Regehr G, MacRae H, Martin J, McCulloch W: Testing technical skill via
an innovative ‘bench station’ examination. Am J Surg 1997, 173(3):226–230.
19. Howells NR, Brinsden MD, Gill RS, Carr AJ, Rees JL: Motion analysis: a
validated method for showing skill levels in arthroscopy.
Arthroscopy 2008, 24(3):335–342.
20. Tashiro Y, Miura H, Nakanishi Y, Okazaki K, Iwamoto Y: Evaluation of skills in
arthroscopic training based on trajectory and force data. Clin Orthop
Relat Res 2009, 467(2):546–552.
21. Bergeson RK, Schwend RM, DeLucia T, Silva SR, Smith JE, Avilucea FR:
How accurately do novice surgeons place thoracic pedicle screws
with the free hand technique? Spine (Phila Pa 1976) 2008,
33(15):E501–E507.
22. Anastakis DJ, Regehr G, Reznick RK, Cusimano M, Murnaghan J, Brown M,
Hutchison C: Assessment of technical skills transfer from the bench
training model to the human model. Am J Surg 1999, 177(2):167–170.
23. Hausmann J-T: Sawbones in biomechanical settings—a review.
Osteo Trauma Care 2006, 14(4):259–264.
24. Leong JJH, Leff DR, Das A, Aggarwal R, Reilly P, Atkinson HDE, Emery RJ,
Darzi AW: Validation of orthopaedic bench models for trauma surgery.
J Bone Joint Surg (Br) 2008, 90(7):958–965.
25. Lin Y, Wang X, Wu F, Chen X, Wang C, Shen G: Development and
validation of a surgical training simulator with haptic feedback for
learning bone-sawing skill. J Biomed Inform 2014, 48:122–129.
26. Slade Shantz JA, Leiter JRS, Gottschalk T, MacDonald PB: The internal
validity of arthroscopic simulators and their effectiveness in arthroscopic
education. Knee Surg Sports Traumatol Arthrosc 2014, 22(1):33–40.
Stirling et al. Journal of Orthopaedic Surgery and Research  (2014) 9:126 Page 9 of 927. Farnworth LR, Lemay DE, Wooldridge T, Mabrey JD, Blaschak MJ, DeCoster
TA, Wascher DC, Schenck RC: A comparison of operative times in
arthroscopic ACL reconstruction between orthopaedic faculty and
residents: the financial impact of orthopaedic surgical training in the
operating room. Iowa Orthop J 2001, 21:31–35.
28. Cannon WD, Eckhoff DG, Garrett WE, Hunter RE, Sweeney HJ: Report of a
group developing a virtual reality simulator for arthroscopic surgery of
the knee joint. Clin Orthop Relat Res 2006, 442:21–29.
29. Pedowitz RA, Esch J, Snyder S: Evaluation of a virtual reality simulator for
arthroscopy skills development. Arthroscopy 2002, 18(6):E29.
30. Tuijthof GJM, Visser P, Sierevelt IN, Van Dijk CN, Kerkhoffs GMMJ: Does
perception of usefulness of arthroscopic simulators differ with levels of
experience? Clin Orthop Relat Res 2011, 469(6):1701–1708.
31. Grechenig W, Fellinger M, Fankhauser F, Weiglein AH: The Graz learning
and training model for arthroscopic surgery. Surg Radiol Anat 1999,
21(5):347–350.
32. Nichols J, Ferran NA, Bryson DJ, Ashford RU, Bhowal B, Dias JJ: Current
training issues: a guide to simulation for the orthopaedic surgeon.
Core Surgery Journal 2006, 2(3):7–8.
33. Howells NR, Gill HS, Carr AJ, Price AJ, Rees JL: Transferring simulated
arthroscopic skills to the operating theatre: a randomised blinded study.
J Bone Joint Surg (Br) 2008, 90(4):494–499.
34. OCAP - Orthopaedic Competence Assessment Project [http://www.ocap.
rcsed.ac.uk/]
35. Howells NR, Auplish S, Hand GC, Gill HS, Carr AJ, Rees JL: Retention of
arthroscopic shoulder skills learned with use of a simulator.
Demonstration of a learning curve and loss of performance level after a
time delay. J Bone Joint Surg Am 2009, 91(5):1207–1213.
36. Jackson WFM, Khan T, Alvand A, Al-Ali S, Gill HS, Price AJ, Rees JL: Learning
and retaining simulated arthroscopic meniscal repair skills. J Bone Joint
Surg Am 2012, 94(17):e132.
37. Cannon WD, Nicandri GT, Reinig K, Mevis H, Wittstein J: Evaluation of skill
level between trainees and community orthopaedic surgeons using a
virtual reality arthroscopic knee simulator. J Bone Joint Surg Am 2014,
96(7):e57.
38. Stunt JJ, Kerkhoffs GMMJ, van Dijk CN, Tuijthof GJM: Validation of the
ArthroS virtual reality simulator for arthroscopic skills. Knee Surg Sports
Traumatol Arthrosc 2014. doi:10.1007/s00167-014-3101-7
39. Braman JP, Sweet RM, Hananel DM, Ludewig PM, Van Heest AE:
Development and validation of a basic arthroscopy skills simulator.
Arthroscopy 2014. doi:10.1016/j.arthro.2014.07.012
40. Gomoll AH, O’Toole RV, Czarnecki J, Warner JJP: Surgical experience
correlates with performance on a virtual reality simulator for shoulder
arthroscopy. Am J Sports Med 2007, 35(6):883–888.
41. McCarthy AD, Moody L, Waterworth AR, Bickerstaff DR: Passive haptics in a
knee arthroscopy simulator: is it valid for core skills training? Clin Orthop
Relat Res 2006, 442:13–20.
42. Gomoll AH, Pappas G, Forsythe B, Warner JJP: Individual skill progression
on a virtual reality simulator for shoulder arthroscopy: a 3-year follow-up
study. Am J Sports Med 2008, 36(6):1139–1142.
43. Andersen C, Winding TN, Vesterby MS: Development of simulated
arthroscopic skills. Acta Orthop 2011, 82(1):90–95.
44. Martin KD, Belmont PJ, Schoenfeld AJ, Todd M, Cameron KL, Owens BD:
Arthroscopic basic task performance in shoulder simulator model
correlates with similar task performance in cadavers. J Bone Joint Surg Am
2011, 93(21):e1271–e1275.
45. Kulendran M, Lim M, Laws G, Chow A, Nehme J, Darzi A, Purkayastha S:
Surgical smartphone applications across different platforms: their
evolution, uses, and users. Surg Innov 2014, 21(4):427–440.
46. Blyth P, Stott NS, Anderson IA: A simulation-based training system for hip
fracture fixation for use within the hospital environment. Injury 2007,
38(10):1197–1203.
47. Blyth P, Stott NS, Anderson IA: Virtual reality assessment of technical skill
using the Bonedoc DHS simulator. Injury 2008, 39(10):1127–1133.
48. Lewis TL, Vohra RS: Smartphones make smarter surgeons. Br J Surg 2014,
101(4):296–297.
49. LeBlanc J, Hutchison C, Hu Y, Donnon T: A comparison of orthopaedic
resident performance on surgical fixation of an ulnar fracture using
virtual reality and synthetic models. J Bone Joint Surg Am 2013,
95(9):e601–e606. S1–5.50. Suinn R: Body thinking: psychology for Olympic champions. In Psychology
in Sports: Methods and Applications. Minneapolis: Burgess; 1980:306–315.
51. Shiralkar U: It’s not all in the mind—the evidence in Cognitive Simulation—
techniques to enhance surgical skills. Stourbridge: Surgical Psychology
Publishing; 2013:109–122.
52. Decety J: The neurophysiological basis of motor imagery. Behav Brain Res
1996, 77(1–2):45–52.
53. The Association of Surgeons in Training: Cognitive simulation course.
[http://www.asit.org/events/conferences/2014/pre-courses/
cognitive_simulation]
54. Kohls-Gatzoulis JA, Regehr G, Hutchison C: Teaching cognitive skills
improves learning in surgical skills courses: a blinded, prospective,
randomized study. Can J Surg 2004, 47(4):277–283.
55. Jones A, Ross D: Head, hand and heart revisited. BJJ News, 2014.
[http://issuu.com/boneandjoint/docs/bjj_news_issue_2]Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
